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Introduction {#S0001}
============

Colorectal cancer is the second cancer leading to death after lung cancer in the developed countries ([@CIT0001]). In 1980, 5.8 percent of all types of cancers were colorectal cancer. In 2000, this cancer has been the fourth cancer after gastric, lung, and liver cancer in Iran. Many studies have indicated that colorectal cancer is increasing in Asians ([@CIT0002]--[@CIT0006]). The incidence of CRC has increased during the last 25 years in the Iranian population ([@CIT0007]). CRC is the fifth most common cancer among Iranian men and third among women ([@CIT0008]). According to the statistics from the Iranian Ministry of Health, 1130 patients, 450 women and 680 men, died in 2006 due to colorectal cancer ([@CIT0009]).

Cancer is caused by genetic and environmental factors. The primary method of therapy is surgery. Finding new diagnostic markers may lead to better diagnosis and treatment ([@CIT0010]). One of the most important cancer-related genes is epidermal growth factor (EGF). Epidermal growth factor is encoded by the *EGF* gene, mapped to chromosome 4q25. The longest transcript of EGF gene shows that it has 24 exons and 23 introns ([@CIT0011]). When the EGF protein binds to its receptor (EGFR) on cell surface it activates a series of intracellular signaling networks including PI3K/AKT, Ras/Erk, JAK/STAT. These networks activate or deactivate some transcription factors regulating some proteins responsible for the death or survival of cell ([@CIT0012]--[@CIT0014]).

Single nucleotide polymorphisms(SNP) are the most prevalent sources of human genetic variation that may be associated with increasing risk of cancer ([@CIT0010]). The rs4444903 (EGF+61A/G) polymorphism is one of the most important polymorphisms in EGF gene, located in the EGF 5\'untranslated region (UTR). rs4444903 polymorphism contains a change of Guanine base (G) whit an Adenine base (A). In a recent study it was suggested that this change causes an increase in EGF expression ([@CIT0015]). Epidemiologic studies, based on different tests, show a close correlation between rs4444903 polymorphism and different types of cancer ([@CIT0016]--[@CIT0018]). Recently a study in Iranian population reported rs4444903 polymorphism has no significant association with colorectal cancer, The stage of the colorectal cancer was not considered ([@CIT0019]).

The aim of this study was to determine the association of rs4444903 SNP in developing colorectal cancer and its relationship to the tumor stage.

Patients and Methods {#S0002}
====================

Study population {#S20003}
----------------

Peripheral blood samples of 220 patients suffering from colorectal cancer and 220 healthy individuals were taken. All patients with colorectal cancer were recruited from Taleghani Hospital, during the period 2006-2011. Colonoscopy was performed by a gastroenterologists and diagnosis was confirmed by a pathologist. Controls were recruited from healthy individuals volunteer. Written informed consent was obtained from all the subjects.

DNA extraction and genotyping {#S20004}
-----------------------------

The samples were extracted using standard salting out method and the quality and quantity of DNA was evaluated by Nanodrop Spectrophotometer([@CIT0020]). Genotyping of rs4444903 polymorphism was performed by restriction fragment length polymorphisms analysis. To amplify DNA segment, the specific primers were used ([Table 1](#T0001){ref-type="table"}) ([@CIT0018]). The PCR cycle conditions consisted of an initial denaturation step at 95° C for 5 min followed by 30 cycles of 45 s at 95° C; 40 s at 60° C; 45 s at 72° C; and a final elongation at 72° C for 10 min. After PCR, product was run on in to 1% agarose gel in order to ensure a successful reproduction. The products were digested by *Alu*I enzyme (New England Biolabs). The recognition and cutting point of this enzyme is A~G/CT~, in which SNP region is show by capital letters. Cutting point of enzyme can be observed by a diagonal line. After enzyme digestion, the allele A in 102+91+34+15 bp length, and allele G in 193+34+15 bp lengths were observed. The length of the genotype bands can be seen in the [Table 2](#T0002){ref-type="table"} ([Figure 1](#F0001){ref-type="fig"}). The digested PCR products were determined on a 3% agarose gel and stained with ethidium bromide for visualization under UV light. To confirm genotyping results, a 10% random sample representing all 3 genotypes was sequenced by automated DNA sequencing, using the ABI genetic analyzer 3130xl ([Figure 2](#F0002){ref-type="fig"}).

![Electrophoresis digested products with *Alu*I restricted enzyme on agarose gel showed different bonds. The marker (M) that used was 100 base pairs](GHFBB-6-129-g001){#F0001}

![Direct DNA sequencing results for the *EGF* rs4444903, genotype GG and genotype AA were observed from the electropherogram.](GHFBB-6-129-g002){#F0002}

###### 

Primer sequence and resulting fragment length for growth factor gene polymerase chain reaction (PCR)

      Primer direction   Primer sequence                 %GC     Resulting fragment bp
  --- ------------------ ------------------------------- ------- -----------------------
  1   Forward            5\'-TGTCACTAAAGGAAAGGAGGT-3\'   42.86   245
  2   Reverse            5\'-TTCACAGAGTTTAACAGCCC-3\'    45      

###### 

The result of RFLP genotyping

  Row   Genotype   Restriction pattern length (bp)
  ----- ---------- ---------------------------------
  1     AA         102+91+34+15
  2     AG         193+102+34+15
  3     GG         193+34+15

Statistical analysis {#S20005}
--------------------

The cases and controls were compared using a Student\'s t-test for the continuous variables and a χ^2^ test for the categorical variables. Hardy--Weinberg equilibrium (HWE) was tested using a goodness-of-fit χ^2^ test. Unconditional logistic regression analysis was used to calculate the odds ratios (ORs) and 95% confidence intervals (CIs), with an adjustment for possible confounders (gender, age and smoking). The statistical significance level consider lower than 0.05. The data were analyzed using of SPSS software (version 13).

Results {#S0006}
=======

In this study 220 patients diagnosed with sporadic CRC were recruited. The patients had an average age of 61.02±12.09. 220 healthy subjects with average age of 41.99±14.35 were recruited as controls ([Table 3](#T0003){ref-type="table"}). The genotype frequencies of the EGF rs4444903 A \> G polymorphism among the cases and controls are shown in [Table 4](#T0004){ref-type="table"}. Genotype and allele frequencies were in Hardy--Weinberg equilibrium in two groups. There was no significant deviation in the distribution of the genotypes between the cases and the controls. When the more common rs4444903 GG genotype was used as the reference, the rs4444903 AG and AA genotypes were not significantly associated with the risk of colorectal cancer (adjusted OR=0.727, 95% CI: 0.4 - 1.322; and adjusted OR=1.000, 95% CI: 0.502 - 1.992, respectively). Although the frequency of GG, AA genotypes were lower in stage IV and stage I respectively. There was no apparent association between the EGF polymorphism and stage of colorectal cancer ([Table 5](#T0005){ref-type="table"}).

###### 

Characteristics of the study population

  Variable             CRC patients (n=220)   Controls (n=220)
  -------------------- ---------------------- ------------------
  Age ( years ± SD )   61.02±12.09            41.99±14.35
  Sex (%)                                     
   Male                118 (53.6%)            93 (41.5%)
   Female              102 (46.4%)            127 (58.5%)
  Smoking (%)                                 
   Ever                15 (6.8%)              14 (6.4%)
   Never               205(93.2%)             206 (93.6%)

###### 

The genotype and allele frequencies of EGF rs4444903 among CRC patients and controls

  Genotypes     CRC patients n=220(%)       Controls n=220(%)       P-value   Unadjusted OR (95%CI)    Adjusted OR (95%CI)[\*](#TF0001){ref-type="table-fn"}
  ------------- --------------------------- ----------------------- --------- ------------------------ -------------------------------------------------------
  GG            55(25.0%)                   45(20.5%)                         1.00 (Ref)               1.00 (Ref)
  AG            103(46.8%)                  124(56.4%)              0.296     0.680 (0.424 - 1.090)    0.727 (0.4 - 1.322)
  AA            62(28.2%)                   51(23.2%)               1.000     0.995 (0.579 - 1.708)    1.000(0.502 - 1.992)
                                                                                                       
  **Alleles**   **CRC patients n=220(%)**   **Controls n=220(%)**   ***p***   **OR (95%CI)**           
                                                                                                       
  G             213(48.4%)                  214(48.6%)                        1.00(Ref)                
  A             227(51.6%)                  226(51.4%)              0.946     1.009 (0.775 -- 1.315)   

OR (95%CI): odds ratio (95% confidence interval)

###### 

Tumor-stage specific distribution of EGF rs4444903 genotypes among colorectal cancer patients

  Genotype   Stage 0    Stage I    Stage II    Stage III   Stage IV    *P* value
  ---------- ---------- ---------- ----------- ----------- ----------- -----------
  AA         0(0%)      2(15.4%)   19(35.2%)   13(31.0%)   8(34.8%)    0.626
  AG         4(51.1%)   6(46.2%)   20(37.0%)   19(45.2%)   10(43.5%)   
  GG         3(42.9%)   5(38.5%)   15(27.8%)   10(23.8%)   5(21.7%)    

Discussion {#S0007}
==========

This study showed no significant association between rs4444903 polymorphism of the EGF gene with risk of colorectal cancer in the studied population. Our findings support a study reported by a similar Iranian study reported by Daraei et al ([@CIT0019]). Frequencies of the GG, GA, and AA genotypes in our study were similar to other study in Iran ([@CIT0019]). This polymorphism has been studied in glioma, breast, lung, gastric, colon and melanoma cancers ([@CIT0020]--[@CIT0026]). In most studies investigating the association between this polymorphism and susceptibility of cancer, conflicting results have been reported. Studies in different population showed that no significance association between this polymorphism and risk of cancer ([@CIT0023], [@CIT0027], [@CIT0028]). In a study reported by Goto et al in 2005, patients suffering from gastric cancer and control group were analysed for polymorphisms in the EGFR gene, no significant correlation was found ([@CIT0027]). In a study reported by Gao et al, from China, a uniform distribution of genotypes in two groups of patients and controls was reported, suggesting that there is no significant difference between the patients suffering from esophagus cancer and healthy individuals ([@CIT0028]). In 2007 Kang et al studied Korean patients afflicted with lung cancer and reported no significant association between the disease and rs4444903 ([@CIT0023]). Studies are also showed association with this polymorphism and other cancers ([@CIT0026], [@CIT0029], [@CIT0030]). A meta-analysis study was conducted by Zhang et al in 2010. This meta analysis reviewed research conducted on 23 groups, consisting of 5578 patients suffering from a variety of cancers and 7306 healthy individuals - using electronic searches. It showed that allele G is related to the probable increase of cancer ([@CIT0030]). Xu et al propose that the EGF rs4444903 polymorphism may be associated with an increased glioma risk among Asians, but a decreased glioma risk among Caucasians([@CIT0031]). The reason for these contradictory findings is not clear. Ethnic heterogeneity, genotype distributions, gene environment interactions and different sample size are may be the probable of this discrepancy ([@CIT0025], [@CIT0031], [@CIT0032]). Spindler et al studied EGF rs4444903 polymorphism to measure EGF gene expression among healthy subjects. The results showed that GG genotype provides more EGF gene expression ([@CIT0015]). Lurje et al reported allele A of the rs44444903 polymorphism is related to a reduction of EGF factor in serum ([@CIT0033]). Perhaps, the findings of Lurje and Spindler suggest a possible mechanism regarding allele G and the reason of increased the risk of colorectal cancers([@CIT0034]). In a meta-analysis research that was performed by Wue et al, found that allele A of rs4444903 polymorphism was associated with a decreased susceptibility to cancer among Asian and Americans subjects. Allele A may be a protective factor for gastric, esophagus cancer, and liver tumors ([@CIT0035]).

Finally we could not find any evidence to support an association between the rs4444903 polymorphism and colorectal cancer. We also found no correlation between this polymorphism and tumor stage.
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